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Abstract 
Dairy slurry and poultry litter have increased in popularity as fertilizers in the agriculture 
industry.  However, residual effects of these manures on voluntary intake of forages from 
subsequent harvests are not well known.  The objectives of this two part study were to determine 
if moisture level of alfalfa silage and the use of dairy slurry as a fertilizer have an effect on 
intake and digestibility by sheep, and if forage species and the use of poultry litter as a fertilizer 
have an effect on intake by horses.  Eighteen ewes (47.6 ± 5.34 kg) were used in experiment 1 
and were allocated randomly to 1 of 6 treatments arranged in a 2 × 3 factorial treatment 
arrangement.  Treatments consisted of high (HM; 46.8%) or low (LM; 39.7%) moisture alfalfa 
silage at baling after no slurry application (NS), slurry applied to stubble immediately after 
removal of the previous cutting (S0) or 14 d after the previous cutting (S14).  Experiment 2 used 
5 mature geldings (480.3 ± 52.89 kg) in a balanced incomplete block design to evaluate 
preference for bermudagrass (B) or teff (T) hay that was harvested after no litter application 
(NL), litter applied immediately after the removal of the previous cutting (L0) or 14 d after the 
previous cutting (L14).  Animals were housed individually: sheep were housed in 1.4 × 4.3 m 
pens and horses were housed in 3.6 × 3.6 m indoor stalls with access to 3.6 × 7.6 m outdoor runs.  
All animals were offered mineral and had ad libitum access to water.  Intake by sheep did not 
differ (P ≥ 0.13) across treatments.  Dry matter and OM digestibility by sheep tended (P < 0.10) 
to be greater for LM compared with HM.  In horses, intake was greater (P < 0.01) for 
bermudagrass and NL and L0 treatments compared with teff and L14.  Therefore, the use of 
manure as a fertilizer may not affect voluntary intake in sheep, but application time may affect 
intake in horses.  
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Chapter 1 
Review of Literature 
Introduction 
 Voluntary intake may be the most important component of forage quality.  Regardless of 
nutritional content, if animals will not consume forage then it is considered to be poor quality 
(Changwony et al., 2015).  A number of factors effect voluntary intake including palatability and 
forage species.  Manure, when used as a soil amendment, may also affect voluntary intake of 
subsequent forages as well because of odor issues.  Therefore, the objective of this literature 
review is to discuss factors that affect voluntary intake including moisture content of ensiled 
forage, forage species, and manure application. 
 
Voluntary Intake 
 Voluntary intake is a major fundamental part of livestock production.  Changwony et al. 
(2015) suggests that voluntary intake is the most important factor of nutrition because animals 
must consume enough feed or forage to meet obvious nutritional requirements.  There are several 
factors that affect voluntary intake such as palatability, nutrient content, digestibility, and forage 
species (Macedo et al., 2012).  Allison (1985) reports that voluntary intake depends on the 
capacity of the reticulo-rumen and rate of disappearance.  Rate of disappearance is affected by 
rate of passage and rate of absorbance.  Increased digestibility of a forage can also increase 
voluntary intake because digestibility affects rate of disappearance.  If digestibility is high, then 
rate of disappearance is high, allowing the animal to consume more forage (Allison, 1985). 
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Moisture content 
Moisture content of silage can affect palatability in two manners; it may improve 
palatability by improving texture and it may also dilute undesirable flavors.  Lahr et al. (1983) 
found that dry matter intake by Holstein cows was greater (22.3 kg/day) from a forage that was 
78% dry matter (DM) compared with diets that were 64, 52, and 40% DM, which were 
consumed at a rate of 20.5, 19.4, and 19.4 kg/d, respectively. 
When comparing alfalfa (Medicago sativa) silage to alfalfa hay, Han et al. (2004) 
reported that during storage, silage dry mass remained stable, while mass decreased in hay.  
Silage also had lower neutral detergent fiber (NDF), acid detergent lignin (ADL), and greater 
crude protein (CP).  Steers in the study consumed an average of 17.4 g/kg of body weight (BW) 
on a DM basis of hay and consumed an average of 20.4 and 21.0 g/kg of BW on a DM basis for 
high (594 g/kg) and low (512 g/kg) moisture silages, respectively.  Furthermore, both silage 
treatments had a greater DM digestibility than the hay treatment (592 g/kg).  Dry matter 
digestibility did not differ between high (631 g/kg) and low moisture silages (626 g/kg).  Neutral 
detergent fiber digestibility did not differ across treatments either (Han et al., 2004).  However, 
Etheridge et al. (1993) found that there was no difference in voluntary intake between alfalfa hay 
and alfalfa silages at different DM contents (29.2, 33.1, and 51.2%).  The average intake for all 
treatments was 1,188.5 g DM/d (Etheridge et al., 1993). 
In a study utilizing 54 Holstein cows, DM intake was less for lower DM diets (64, 52, 
and 40%) than for a greater DM diet (78%; Lahr et al., 1983).  In a study involving 70 different 
silages, sheep more readily consumed legumes greater in DM content (90.8 g/kg BW for 54.2% 
DM compared with 17.7 g/kg BW for 11.0% DM; Wilkins et al., 1971).  Also, there was a 
positive correlation between voluntary intake and DM digestibility.  This was most likely due to 
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an increased rate of disappearance caused by increases in digestibility, which would have 
allowed for greater intake (Wilkins et al., 1971).  Similarly, DM intake and digestibility of 
temperate grass and legume species by mature wethers was on average 164.5 g/d greater from 
hay compared with high-moisture forages (Pasha et al., 1994).  Therefore, intake may increase or 
decrease based on DM content of a forage. 
Forage species 
 Forage species can have a large effect on voluntary intake.  For instance, a wide variety 
of animals prefer legumes, such as alfalfa (Medicago sativa), over grasses.  This is evident in 
studies by Baumont et al. (1997) and Bueno et al. (2007).  Baumont et al. (1997) found that 
Texel wethers preferred alfalfa hay compared with mixed grass and orchardgrass (Dactylis 
glomerata).  It has also been shown that sheep had a greater intake of alfalfa compared with 
signalgrass (Urochloa subquadripara) and Tifton-85 bermudagrass (Cynodon dactylon; Bueno et 
al., 2007).  However, Soto-Navarro et al. (2014) found that wethers consumed more grass hay 
than alfalfa hay.  Characteristics of warm or cool-season forage can also affect voluntary intake.  
LaCasha et al. (1999) found that yearling foals preferred matua bromegrass (Bromus 
wildenowii), a cool-season grass, over bermudagrass, a warm-season grass. 
Alfalfa:  Alfalfa, a cool-season legume, originated in Iran and central Asia and is a 
popular forage in livestock production (Ball et al., 2007).  Crossbred wethers consumed an 
average of 986 g/d DM of alfalfa hay (2.24% of BW), which was lower than the 1,022 g/d DM 
intake (2.35% of BW) of grass hay (Soto-Navarro et al., 2014).  Texel wethers offered alfalfa 
hay consumed 1,608 g/d on a DM basis, but only consumed 1,000 and 1,484 g/d of mixed grass 
and orchardgrass hay, respectively (Baumont et al., 1997).  The duration of intake was 116 min 
with an initial intake rate of 11.33 g/min and sheep consumed alfalfa at an average of 3.1 meals/d 
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(Baumont et al., 1997).  Santa Inês sheep had greater voluntary intake from alfalfa compared 
with signalgrass and Tifton-85 bermudagrass (Bueno et al., 2007).  Dry matter, OM, and CP 
digestibilities were also greater from alfalfa compared with signalgrass and Tifton-85 (Bueno et 
al., 2007).  Alfalfa may also improve performance of ewe lambs.  In a 2-year study, lactating ewe 
lambs were offered alfalfa, an herb-mix containing chicory (Cichorium intybus), plantain 
(Plantago major), red clover (Trifolium pratense), and white clover, (Trifolium repens), or 
pasture containing traditional ryegrass (Lolium multiflorum) and white clover (Corner-Thomas et 
al., 2014).  Ewe lambs, during lactation, were shown to be heavier when offered the herb-mix or 
alfalfa compared with the pasture treatment.  Furthermore, ewes and their progeny were heavier 
when offered alfalfa than when offered the herb-mix (Corner-Thomas et al., 2014).  In another 
study, 10 wether lambs and 10 ewe lambs grazed lotus (Nelumbo nucifera), alfalfa, red clover, or 
ryegrass (Speijers et al., 2004).  Lambs consumed 1.81 kg DM/d of alfalfa during this study, 
which was significantly more than consumption of ryegrass (0.98 kg DM/d), but intake did not 
differ when compared with lotus or red clover.  Digestibility did not differ across treatments, 
which was on average 74.7% (Speijers et al., 2004).  Five Hereford and 6 Brahman steers were 
offered speargrass (Heteropogon contortus), pangolagrass (Digitaria eriantha), pasture hay, 
pasture hay and 2 kg alfalfa hay, or alfalfa hay.  Herefords fed alfalfa consumed 27.6 g DM/kg 
BW and Brahmans consumed 23.0 g DM/kg BW (Hunter and Seibert, 1986).  Border Leicester × 
Merino wethers and ewes consumed 851 and 1,601 g OM/d of chopped alfalfa for lambs and 
adult sheep, respectively.  However, lambs consumed 1,154 g OM/d and adults consumed 1,963 
g OM/d of ground alfalfa (Weston et al., 1989). 
Lambs offered alfalfa silage had greater DM intake and weight gain than those offered 
ryegrass silage (Crotty et al., 2014).  Lambs offered alfalfa silage were also more efficient in 
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feed conversion and nitrogen use than those offered ryegrass silage (Crotty et al., 2014).  
However, Charmley (2002) reported that steers preferred ryegrass silage over alfalfa silage.  
Charmley (2002) suggested that steers may have had a preference of ryegrass over alfalfa due to 
the extensive solubilization and deamination of protein in alfalfa silage.  Intake of alfalfa silage 
at late bud or early flower growth stages were lower than that of lotus or red clover silage at 
early or late flower growth stages in a study involving 36 Suffolk-cross wethers (Fraser et al., 
2000).  However, daily DM intake as a percent of BW did not differ between these treatments 
(Fraser et al., 2000).  In Iowa, 8 male Dorset × Polypay lambs were offered diets of orchardgrass, 
silage, and alfalfa silage.  Each silage type had a control treatment and treatments that included 
the addition of cellulase, cellulase plus inoculant, and cellulase plus formic acid.  Overall, DM 
intake was greater for alfalfa treatments (on average 40 g/kg BW) compared with orchardgrass 
treatments (on average 21 g/ kg BW), but within alfalfa treatments there was a greater DM intake 
for cellulase plus formic acid (41.5 g/kg BW).  In a study by Nadeau et al. (2000), total NDF 
intake and digestible DM intake was greater for alfalfa silage compared with orchardgrass silage.  
Dry matter digestibility was lower for alfalfa silage (on average 620.5 g/kg consumed) than for 
orchardgrass silage (on average 658.5 g/kg consumed), along with digestibility of NDF, 
cellulose, and hemicellulose (Nadeau et al., 2000).  Przemyslaw et al. (2015) utilized twenty-four 
Kamieniec rams that were weaned at 70 d and allocated to one of three silage treatments: 1) red 
clover, 2) alfalfa, and 3) grass.  Intake of silage on a DM basis was greater for alfalfa than for red 
clover or grass silage.  Dry matter intake for alfalfa was 645.6 g or 54.7 g/kg LW
0.75
 
(Przemyslaw et al., 2015).  Fifty Holstein cows were offered 1 of 5 treatments of silage, one of 
which was alfalfa.  Cows offered alfalfa silage consumed an average of 25.5 kg/d on a DM basis 
compared with 27, 22.3, 26.8, and 22.7 kg/d for first cutting orchardgrass, second cutting 
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orchardgrass, first cutting fescue [Schedonorus arundinaceus (Schreb.) Dumort.], and second 
cutting fescue silages, respectively (Cherney et al., 2004).  Therefore, livestock are more like to 
consume a greater amount of alfalfa compared with other forages. 
 Bermudagrass:  Bermudagrass, a warm-season perennial, originated in Southeastern 
Africa and is a popular forage to feed in the horse industry (Ball et al., 2007).  LaCasha et al. 
(1999) examined voluntary intake of bermudagrass hay compared with alfalfa and matua 
bromegrass.  Eighteen yearling foals were offered 1 of 3 hays.  Yearling foals consumed more 
alfalfa (10.9 kg/d) than the 2 grass hays and consumed more matua bromegrass (10.0 kg/d) than 
bermudagrass (7.4 kg/d; LaCasha et al., 1999).  When offered all three at the same time, yearling 
foals chose alfalfa over the two grass hays and selected more matua bromegrass than 
bermudagrass.  The OM digestibilities were 74%, 64%, and 60% for alfalfa, matua bromegrass, 
and bermudagrass, respectively.  Dry matter digestibility of bermudagrass in this study was only 
46% (LaCasha et al., 1999).  Longo et al. (2008), found that voluntary DM intake of 
bermudagrass by 8 Santa Inês sheep was on average 54 g/kg BW
0.75
.  Dry matter digestibility 
was 504 g/kg DM and CP digestibility was 630 g/kg DM.  Neutral detergent fiber and ADF 
digestibilities were 459 and 557 g/kg DM, respectively (Longo et al., 2008).  It has also been 
demonstrated that lambs grazing on pasture may achieve an OM intake of 38.5 g/kg W
0.75
/d of 
bermudagrass, which was greater than their intake of alfalfa (30.8 g/kg W
0.75
/d; Meissner et al., 
1989).  Six cannulated Brangus steers set up in a 6 × 6 Latin square design were fed 6 different 
treatments of bermudagrass.  Treatments were arranged in a 3 × 2 factorial arrangement.  
Bermudagrass was untreated, enzyme-treated, and ammoniated at 2 different maturities of 5 wk 
of regrowth and 13 wk of regrowth.  Steers consumed 8.12 kg DM/d of untreated, immature hay, 
8.10 kg DM/d of enzyme-treated immature hay, and 7.81 kg DM/d of ammoniated, immature 
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hay.  Mature hay was consumed at a rate of 7.80, 7.45, and 7.29 kg DM/d for untreated, enzyme-
treated, and ammoniated hay, respectively (Romero et al., 2013).  Based on these studies, 
animals may or may not prefer bermudagrass compared with other forages. 
Teff:  Teff is traditionally used for grain in Ethiopia, but has been gaining popularity as a 
forage for livestock in the United States (Norberg et al., 1996).  In a study conducted in 
Kentucky, horses that were unfamiliar with teff hay showed a preference for timothy (Phleum 
pratense), and alfalfa over teff.  Although, when not given a choice they consumed as much teff 
hay as horses that were offered timothy hay (1.65 and 1.82 kg DM/100 kg BW, respectively; 
McCown et al., 2012).  Maturity of teff hay was shown to affect voluntary intake by horses; 
horses had a greater intake of teff that was cut and baled at boot and early-heading stages (9.7 
and 9.2 kg/d, respectively) than teff that was cut and baled at late heading-stages (8.1 kg/d; 
Staniar et al., 2010).  Dry matter intake reached 1.8% of BW in this study (Staniar et al., 2010).  
When comparing voluntary intake of teff hay (at different stages and different conditions) with 
bermudagrass hay at different stages, mature geldings preferred late-vegetative mature teff to 
bermudagrass at similar maturities (Cummins et al., 2014).  However, horses preferred mid-
bloom bermudagrass compared with teff at late-late bloom that had been rained on after cutting, 
teff with caryopsis visible, and teff at soft dough stage.  The study also showed that NDF 
concentrations were on average 3.2% greater for both bermudagrass treatments than for late-
vegetative teff (Cummins et al., 2014).  Therefore, horses may prefer teff compared with 
bermudagrass, but this may be affected by stage of growth. 
Voluntary intake summary 
Effects of moisture concentration on intake may be variable.  When intake of hay is 
compared with intake of silage, animals may be more apt to consume an increased amount of 
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silage compared with hay.  However, when comparing different moisture concentrations of 
silages, animals are more likely to have increased intake of silages with greater percent DM.  
Animals may be expected to consume 40 g/kg BW of alfalfa silage on a DM basis.  Horses may 
be expected to consume 20.9 g/kg BW of bermudagrass daily.  Sheep were shown to consume 54 
g/kg BW
0.75
 of bermudagrass.  Depending on maturity of teff, horses could be expected to 
consume approximately 16.5 g/kg BW.  When given a choice of bermudagrass and teff that are 
of the same maturity, horses were shown to prefer teff.  However, when bermudagrass is less 
mature or less damaged than teff, horses may prefer bermudagrass. 
 
Manure Application 
 Dairy slurry and poultry litter are used to fertilize forage crops as an alternative to 
commercial fertilizer (Crotty et al., 2014; Wood et al., 1993).  Slurry is a mixture of feces and 
urine that has been diluted with water (Crotty et al., 2014).  Dairy slurry has been shown to 
improve soil quality over time (Min et al., 2003).  However, the effect of dairy slurry on forage 
intake is not certain (Hedtcke et al., 2011; Miron et al., 2011.)   
Dairy slurry 
 Long-term application of dairy slurry can increase OM and microbial biomass, can 
improve soil aggregate stability, and improve overall soil quality.  Soil that had commercial 
fertilizer applied has been shown to be more acidic than soil that was fertilized with dairy slurry 
(Min et al., 2003).  
Diet of animals used to produce slurry can also have an effect on the value of slurry.  For 
example, in the UK, it was found that lambs that were offered alfalfa silage had greater DM and 
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nitrogen concentrations of slurry than those fed kale (Brassica oleracea) or ryegrass silage 
(Crotty et al., 2014). 
Hedtcke et al. (2011) found that when pregnant Holstein heifers were offered 
orchardgrass hay that had been fertilized with ammonium-sulfate or dairy slurry, there were no 
differences in DM intake.  In vitro DM digestibility and intake by sheep were greater for wheat 
(Triticum aestivum) that was not weed contaminated and was fertilized with dairy manure than 
treatments that were weed contaminated and fertilized with dairy manure and those that were 
fertilized with a chemical fertilizer (Miron et al., 2011).  Heikkila et al. (2004) found that intake 
of timothy-fescue mixture by sheep was greater when cattle slurry was injected into the soil 
compared with when it was only spread on the surface or compared to an NPK commercial 
fertilizer. 
Poultry litter 
 Poultry litter is relatively dry and has a greater nutrient content than other animal 
manures.  Poultry litter is also preferable to commercial fertilizers because it contains nutrients 
other than nitrogen, phosphorus, and potassium.  Organic matter decay means a slower release of 
soluble nutrients and enhanced soil structure leading to improved water and nutrient holding 
capacity (Evers, 1998).  Poultry litter also reduces soil acidity due to calcium compounds and is 
normally more economical than commercial fertilizer (Evers, 1998).  Poultry litter has been 
shown to increase forage yield and quality for first cutting of bermudagrass (8.73 Mg/ha) 
compared with ammonium-nitrate (7.59 Mg/ha), but was less in the second cutting (4.53 and 
7.03 Mg/ha, respectively; Wood et al., 1993).  Though, in the second year of the same study, 
residual effects of litter application increased yields and CP content (Wood et al., 1993). 
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 Poultry litter requires high application rates due to relatively low nutrient concentration, 
has odor issues, and nutrient ratios may not match crop requirements.  Also, about 20-25% of 
nitrogen is lost through volatilization when litter is applied to pastures (Evers, 1998).  Excessive 
application rates can lead to nitrate leaching into ground water, phosphorus runoff, and cause 
elevated bacterial and viral pathogen levels in lakes and rivers (Moore et al., 1995). 
 Poultry litter application as a fertilizer may not have an effect on voluntary intake of 
forage it is applied to given the fact that animals may readily consume composted poultry litter 
as a supplement.  Sixteen yearling Bunaji heifers were offered a supplement that included no 
poultry litter and supplements that included poultry litter at a rate of 20, 40, and 60% of the diet.  
Feed efficiency increased when poultry litter was added to the supplement, though different rates 
did not have a significant effect on intake (Belewul and Adeneye, 1996).  Another study used 
poultry litter as feedstuff fed in a mixture with citrus pulp as silage.  This study used 12 Friesian 
growing heifers, 96 Chios ewe lambs, and 67 Damascus doe kids that had ad libitum access to 
silage (Hadjipanayiotou, 1993).  Heifers consumed 43.1 g DM/kgW
0.75
, while ewes and does 
only consumed 14 and 2.1 g DM/kgW
0.75
, respectively (Hadjipanayiotou, 1993).  No studies 
were found measuring voluntary intake of forage when poultry litter was used as a fertilizer. 
 It has been reported that dairy slurry usage as a fertilizer has no negative effects on forage 
intake.  While poultry litter may have odor issues, animals have been shown to consume it as a 
feedstuff.  No studies were found measuring residual effects on forage intake when poultry litter 
was used as a fertilizer. 
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Conclusion 
 Voluntary intake is a major factor affecting livestock production.  Dry matter 
concentration of alfalfa silage may not affect voluntary intake.  Forage species, however, may 
have an effect on voluntary intake.  Dairy slurry application may not affect voluntary intake of 
forages.  While animals may consume poultry litter as part of a supplement, no studies were 
found measuring intake when poultry litter is used as a fertilizer.  Therefore, dairy slurry and 
poultry litter may not affect voluntary intake by sheep or horses.  
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Chapter 2 
Effects of Dairy Slurry Application and Moisture Concentration on Voluntary Intake and 
Digestibility of Alfalfa Silage by Sheep 
Abstract 
Dairy slurry is used commonly as a fertilizer in agriculture.  However, residual effects of slurry 
application on intake and digestibility of alfalfa silage from subsequent harvests are not well 
known.  The objective of this study was to determine if moisture concentration of alfalfa silage 
and timing of dairy slurry application relative to subsequent harvest affect intake and 
digestibility by sheep.  Pregnant crossbred ewes (n = 18; 47.6 ± 5.34 kg) were stratified by BW 
and allocated randomly each period to 1 of 6 treatments arranged in a 2 × 3 factorial 
arrangement.  Treatments consisted of high (HM; 46.8%) or low (LM; 39.7%) moisture at baling 
after no slurry application (NS), slurry that was applied to stubble immediately after removal of 
the previous cutting (S0), or slurry that was applied 14 d after the previous cutting (S14).  Period 
1 consisted of a 14-d adaptation and a 7-d fecal collection.  Period 2 followed period 1 after a 4-d 
rest and consisted of an 11-d adaptation with a 7-d fecal collection.  Ewes were housed 
individually in 1.4 × 4.3-m pens equipped with rubber mat flooring. Feces were swept from the 
floor twice daily, weighed, and dried at 50°C.  Ewes had ad libitum access to water and were 
offered chopped silage based on 10% refusal. Dry matter and OM intake and NDF digestibility 
did not differ (P ≥ 0.13) across moisture or slurry application treatments.  However, DM and OM 
digestibility tended (P < 0.10) to be greater from LM vs HM.  Hematocrits and red blood cell 
concentrations were greater (P < 0.05) from S0 and S14 vs NS.  Lymphocytes were greater (P < 
0.05) from LM vs HM and from NS vs S0 and S14.  Serum urea N concentrations did not differ 
(P > 0.13) across treatments.  Therefore, moisture concentration of alfalfa silage and time of 
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dairy slurry application may not affect voluntary intake or NDF digestibility, but moisture 
concentration may have an effect on DM and OM digestibility.  Also, moisture concentration of 
alfalfa silage and time of dairy slurry application may affect specific blood hemograms. 
 
Introduction 
Voluntary intake may be the most important component of forage quality because 
animals must consume enough feed or forage to meet their nutritional requirements (Changwony 
et al., 2015).  Voluntary intake is ultimately related to diet digestibility (Allison, 1985; Wilkins et 
al., 1971).  
Silage moisture concentration may also affect voluntary intake.  It has been predicted that 
greater moisture concentration of a silage may improve palatability by enhancing texture and 
diluting undesirable flavors (Lahr et al., 1983).  However, Lahr et al. (1983) ultimately found 
that intake decreased with greater moisture concentrations.  High moisture silage has been shown 
to have greater fermentation but may not ultimately affect DM digestibility (Hawkins et al., 
1970).  However, other studies reported no difference in intake because of different moisture 
concentrations of alfalfa silage (Han et al., 2004; Etheridge et al., 1993).  Several things may 
occur during fermentation at different moisture levels.  Lactic acid, acetic acid, and propionate 
decrease with increased moisture of silage (Hawkins et al., 1970).  Increased moisture may 
increase NDF, ADL (Han et al., 2004) ash concentration (Coblentz et al., 2014) as well.  Dairy 
slurry, a commonly used fertilizer in agriculture, is a mixture of feces and urine that has been 
removed from dairy production sites and liquidized with water (Crotty et al., 2014).  Dairy slurry 
application increased intake and digestibility of subsequent forage crops in some studies (Miron 
et al., 2011; Heikkila et al., 2004), but not in others (Hedtcke et al., 2011).  Therefore, both slurry 
application and silage moisture concentration may impact changes in silage composition that 
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may impact voluntary intake and digestibility, but it is unclear how the interaction between dairy 
slurry application and moisture concentration of alfalfa silage may affect these measurements by 
sheep.  The objective of this study was to determine if moisture concentration of alfalfa silage 
and timing of dairy slurry application relative to subsequent harvest affect intake and 
digestibility by sheep. 
 
Materials and Methods 
Silage production 
 Alfalfa silage used in this study was produced at the University of Wisconsin Marshfield 
Agricultural Research Station near Stratford, Wisconsin.  Alfalfa was grown in a Loyal silt loam 
soil.  Dairy slurry was applied to stubble in replicated plots immediately after removal of first 
cutting on June 4, 2012.  Alternately, slurry was applied to other replicated plots of alfalfa 2 wk 
after removal of first cutting on June 18, 2012.  Slurry was applied by broadcast at 42400 ± 5271 
L/ha.  Dairy slurry was 5% DM, 3.9% N, 1.7% NH4-N, 0.78% P, 4.5% K, 0.30% S, 30.3% ash, 
and had a C:N ratio of 10.3.  Alfalfa was harvested again from those plots along with plots that 
received no dairy slurry application on July 10, 2012 and wrapped in 0.9 × 1.8-m rectangular 
bales at two different moisture concentrations (46.8 and 39.7%; Coblentz et al., 2014).  Silage 
was later shipped to the University of Arkansas North Farm and stored outside on concrete until 
offered to sheep. 
 Immediately prior to the start of each period, bales from each treatment within a 
particular field replication were opened on one end.  Forage was removed and chopped through a 
commercial bedding chopper (model 3915; US Bedding Chopper, US Farm Systems, Inc., 
Janesville, WI) and stomped into plastic containers.  Forage was chopped approximately every 
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four days in order to maintain fresh forage for the sheep.  Plastic lids were placed on the 
containers to cover the exposed end of the bales. 
Animals and design 
 All management and procedures were approved by the Institutional Animal Care and Use 
Committee at the University of Arkansas (Protocol # 13007).  This study took place at the 
University of Arkansas North Farm in Washington County, Fayetteville, AR in March and April, 
2014.  Pregnant Katahdin ewes (n = 18; 3-5 yr old; 47.6 ± 5.34 kg) were stratified by BW and 
allocated randomly each period to 1 of 6 treatments arranged in a 2 × 3 factorial treatment 
arrangement consisting of high (HM; 46.8%) or low (LM; 39.7%) moisture at baling after no 
slurry application (NS), slurry applied to stubble immediately after removal of the previous 
cutting (S0), or slurry applied 14-d after the previous cutting (S14).  Period 1 consisted of a 14-d 
adaptation and a 7-d fecal collection.  Period 2 immediately followed period 1 and consisted of 
an 11-d adaptation with a 7-d fecal collection.  The silage offered in each period was comprised 
only of bales from specific field blocks that were allocated randomly to be offered during a 
specific period prior to the start of the study.  Field block was thereby confounded purposely 
with period so that the field replication structure could be maintained. 
Ewes were housed individually in 1.4 × 4.3-m pens equipped with solid rubber mat 
flooring with solid petitions between each pen to prevent transfer of feces between pens and to 
prevent animals from consuming forage from another adjacent pen.  Pens were located in a metal 
barn; temperature could not be controlled, but it did protect the animals from rain and wind.  
Large doors at either end of the barn were kept open during the day for airflow.  Pens were swept 
clean twice daily.  Artificial lighting was provided between 0700 and 1900 h.  Ewes had ad 
libitum access to water, were offered chopped silage based on 10% refusal, and were offered a 
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commercially-available mineral for sheep and goats
1
 (14 g/hd; Ragland Mills Inc., Neosho, MO) 
daily.  At 0700 h, orts were removed from feeders and mineral was offered.  Fresh silage was 
offered at 0900 h and replenished from a pre-weighed source as necessary throughout the day.  
Water containers were emptied after initial feeding and refilled daily.   
Chemical analyses and analytical procedures 
Fresh silage samples were taken daily starting 2 d prior to the collection period and 
ending 2 d prior to the end of each period.  A sample from each treatment was collected and 
dried to a constant weight in paper bags at 50°C and another sample was frozen in plastic 
sealable bags.  Starting 1 d prior to collections and ending 1 d prior to the end of each period, 
orts were collected, placed in paper bags and dried at 50°C.  Feces were gathered during 
collection periods, placed in paper bags and dried to a constant weight at 50°C.  
Blood samples were collected from the jugular vein for CBC in K2 EDTA 10.8 mg plus 
blood collection tubes (Becton, Dickinson, and Co., Franklin Lakes, NJ) and for serum urea N 
determination in SST plus blood collection tubes (Becton, Dickinson, and Co., Franklin Lakes, 
NJ) 1 d prior to the end of each period immediately prior to the initial feeding.  Blood was 
collected again at 4 and 8 h after initial feeding to determine serum urea N.   
 Forage and fecal samples were composited by treatment and pen within period, 
respectively, and ground to pass through a 1-mm screen using a Wiley mill (Arthur H. Thomas, 
PA, USA).  Organic matter was determined via combustion in a muffle furnace at 500°C 
(Method 942.05; AOAC, 2000).  Neutral detergent fiber was determined using an ANKOM
200/220
  
                                                 
1
Preferred Mineral for Sheep and Goats (Ragland Mills Inc., Neosho, MO).  The mineral contained 350-400 g/kg 
salt, 90-100 g/kg Ca, and not less than 80 g/kg P, 10 g/kg Mg, 10 g/kg K, 125 ppm Co, 150 ppm I, 5,000 ppm Fe, 10 
ppm Se, 140 ppm Zn, 352,000 IU/kg of Vitamin A, 88,000 IU/kg of Vitamin D3, and 330 IU/kg of Vitamin E. 
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Fiber Analyzer (ANKOM Technology Corporation, Fairport, NY, USA; Vogel et al., 1999).  
Nitrogen was measured using the Dumas total combustion method (Elementar Americas, Mt. 
Laural, NJ, USA; Method 990.03; AOAC, 2000).  Frozen silage samples were sent to the 
Cumberland Valley Analytical Services lab (Hagerstown, MD) to be analyzed for ammonia-
crude protein equivalent (NH3-CPE), pH, silage acid, and acetic acid.  All analyses were 
corrected for DM (Method 934.01; AOAC, 2000).  Complete blood counts were analyzed using 
a Cell-Dyn 3700 SL (Abbott GmbH & Co., Wiesbaden, Germany).  Blood urea nitrogen was 
determined using a colorimetric procedure (Henry et al., 1974). 
Statistical analyses 
 Data were analyzed using PROC MIXED procedures of SAS (SAS Inst., Inc., Cary, NC).  
The experimental unit was individual ewe.  The error term was pen(treatment) and period was 
considered a random effect.  The model included effects of silage moisture concentration, dairy 
slurry application treatment, and their interaction.  Serum urea nitrogens were averaged across 
collection times.  Treatment means are reported as least squares means. Considerable variability 
was encountered with the acetic acid data and outliers were removed from the acetic acid data 
using the box-and-whisker plot function in Microsoft Excel
®
. 
 
Results 
Forage chemical composition and fermentation 
No moisture × slurry interactions (P ≥ 0.13) were detected for chemical components or 
intake and digestibility measurements.  Table 2.1 shows forage chemical composition and silage 
fermentation measurements as affected by moisture concentration and dairy slurry application.  
There was no difference (P ≥ 0.14) across moisture treatments for DM, OM, NH3-CPE, pH, 
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silage acidity, acetic acid, or CP concentrations.  There was a tendency (P < 0.10) for NDF to be 
greater for H than L.  There was no difference (P ≥ 0.50) across slurry treatments for DM, OM, 
NDF, NH3-CPE, pH, silage acidity, acetic acid, or CP concentrations.   
Silage moisture effects 
 Moisture concentration had no effect on DMI or OMI (P ≥ 0.76; Table 2.2).  However, 
DMD and OMD tended (P < 0.10) to be greater for LM compared with HM silages.  Moisture 
did not affect (P = 0.13) NDF digestibility (NDFD).  There was also no effect (P ≥ 0.44) of 
moisture concentration on digestible dry matter intake (DDMI) or digestible organic matter 
intake (DOMI). 
 Moisture concentration effects on blood results are reported in Table 2.3.  Moisture 
concentration did not affect (P ≥ 0.19) white blood cells (WBC) or neutrophils (NEU).  Moisture 
concentration did not affect lymphocyte (LYM) concentrations (K/µL), but LYM as a percentage 
of total WBC were greater (P < 0.05) for ewes offered LM compared with those offered HM 
silages.  Monocytes (MONO; K/µL) were greater (P < 0.05) from ewes offered HM than from 
those offered LM silages, and there was a tendency (P ≤ 0.10) for MONO (% of WBC) to be 
greater for HM compared with LM silages.  Other hemogram concentrations did not differ (P ≥ 
0.16) across silage moisture concentrations.  Blood urea nitrogen was affected (P < 0.01) by 
time, but not 2-way (time × moisture: P = 0.37; time × slurry: P = 0.17) and 3- way (P = 0.25) 
interactions of time with main effects.  When averaged across all times, BUN did not differ (P = 
0.15) across moisture treatments. 
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Dairy slurry effects 
 Dairy slurry treatments had no effect (P ≥ 0.20) on DMI or OMI (Table 2.4).  Likewise, 
DMD, OMD, and NDFD were not affected (P ≥ 0.22) by dairy slurry treatments.  Therefore, 
DDMI and DOMI also were not different (P ≥ 0.14) across slurry treatments.   
 White blood cells tended (P ≤ 0.07) to be greater for S0 compared with NS and S14 
(Table 2.5).  There were no differences (P ≥ 0.19) across dairy slurry treatments for NEU.  There 
was no effect (P = 0.37) of slurry treatment on LYM (K/µL), but LYM (%) was greater (P < 
0.05) for NS compared with S0 and S14.  Monocytes (K/µL) were greater (P < 0.05) for S0 
compared with NS and S14, but not different (P = 0.44) when expressed as a percentage of total 
WBC.  There were no differences (P ≥ 0.29) for EOS or BASO across slurry treatments.  Red 
blood cell concentration was greater (P < 0.05) and hemoglobin and hematocrits tended to be 
greater (P ≤ 0.10) for S14 compared with NS and S0.  Mean corpuscular volume was lower (P < 
0.05) for slurry treatments compared with NS.  Dairy slurry had no effect (P ≥ 0.16) on mean 
corpuscular hemoglobin (MCH), mean corpuscular hemoglobin concentration (MCHC), platelets 
(PLT), or BUN.  There were no manure × time effects (P = 0.17) for BUN. 
 
Discussion  
Forage chemical composition and fermentation 
 There may not have been a difference in DM concentration because the silage bales were 
not re-wrapped after being opened, but only covered with the existing plastic and secured with 
concrete blocks.  Therefore, air was still able to circulate around the silage somewhat.  Another 
issue that may have impacted DM concentrations was that moisture settled out of some of the 
bales resulting in puddles along the bottom of the bales.  This excessively wet silage was avoided 
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when selecting for chopping, thereby possibly diminishing the variability in moisture 
concentrations.  Moisture concentration would not be expected to have an effect on OM, NDF, 
NH3-CPE, acetate, or CP concentrations.  Silage acidity and pH may not have varied because 
DM concentration did not differ.  Dairy slurry may not be high enough in N to have an effect on 
OM, NDF, NH3-CPE, or CP. 
Silage moisture effects 
The DMI results from the current study are consistent with those by Han et al. (2004) and 
Etheridge et al. (1993) who also reported no differences in intake between different moisture 
concentrations of silage.  However, other studies reported that animals consumed less when 
offered forages greater in moisture concentration (Wilkins et al., 1971; Lahr et al., 1983).  
Contrary to our findings where DMD tended to be greater for LM compared with HM, Han et al. 
(2004) found that DM digestibility did not differ between silage moisture levels.  However, 
Pasha et al. (1994) reported greater DMD for hay compared with high-moisture forages.  It 
seems that producers may not need to be concerned about moisture concentration effecting 
intake, but they may see greater digestibility when feeding lower moisture silages compared with 
silages having greater moisture concentrations.   
Neutrophils are often produced in response to inflammation (Jones and Allison, 2007).  
Lymphocytes consist of B and T cells, which produce antibodies and function in immune 
regulation and cytotoxic immunity, respectively.  Lymphocyte concentrations were under the 
normal threshold for both moisture treatments.  Monocytes are capable of phagocytosis of 
infectious organisms, particulates, and cell debris.  Monocytes were above the normal 
concentration range for both moisture treatments, indicating that infectious organisms may have 
been present.  Eosinophils were above the normal concentration range for both moisture 
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treatments and BASO were above the normal range for HM treatments.  Eosinophils bear 
granule proteins that are cytotoxic and respond to parasites, allergens, and other types of 
inflammation.  Basophils also respond to inflammation by releasing heparin and histamine.  
Therefore, inflammation may have been present in the sheep.  Hemoglobin determines the 
oxygen-carrying capacity of RBC.  Hematocrits are determined by MVC and RBC.  Mean 
corpuscular volume is a measurement of average cell size.  Mean corpuscular hemoglobin is a 
measurement of average cell HGB content, while MCHC determines average cell HGB 
concentration.  Platelets are responsible for clotting (Jones and Allison, 2007).  Blood urea N 
concentrations can be used to monitor nitrogen utilization and nitrogen metabolism (Tshuma et 
al., 2014).  Even though some blood counts were outside the normal range for sheep, none of the 
animals exhibited any outward symptoms of illness.  Blood urea N concentrations were lowest 
right before feeding and greatest 4 h after feeding.  This was expected due to CP levels of the 
silages. 
Dairy slurry 
 Dry matter intake was not different (P = 0.38) across slurry application treatments.  This 
is consistent with findings of Hedtcke et al. (2011) who reported no differences in DM intake 
when pregnant Holstein heifers were offered orchardgrass hay that had been fertilized with 
ammonium-sulfate or dairy slurry.  However, Hedtcke et al. (2011) reported greater DMD for 
wheat that was fertilized with dairy manure, whereas in this study, there were no differences (P = 
0.36) found across slurry treatments.  Therefore, based on current findings, producers may be 
able to feed alfalfa silage from pastures that were fertilized by dairy slurry without any adverse 
effects on intake or digestibility.   
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Lymphocytes were low for all slurry treatments compared to the normal range in sheep, 
indicating that cytotoxins may not have been present in the sheep (Jones and Allison, 2007).  
Monocytes (K/µL) were above the normal range for NS and S0, while MONO (%) was above 
the normal range for all slurry treatments, indicating that infectious organisms may have been 
present in the sheep.  Eosinophils were above the normal range of concentration for both slurry 
treatments, but not for NS, while BASO concentrations were only above the normal range for S0 
treatments, indicating that there may have been some type of inflammation in the sheep.  
Platelets were above the normal range in sheep for S14 treatments, but not for NS or S0 
treatments (Jones and Allison, 2007).  The platelet count for S14 treatments could be an indicator 
of some type of injury that caused bleeding.  Although some blood work was outside of the 
normal range, no outward symptoms of illness were observed.  These findings most likely 
explain why intake did not differ across slurry treatments. 
 
Conclusion 
 Ensiling alfalfa silage at a lower moisture concentration may tend to improve digestibility 
without affecting intake or intake of digestible dry matter or organic matter.  Likewise, dairy 
slurry application as late as two weeks following a previous harvest may not affect intake or 
digestibility of the following harvest of alfalfa silage.  Although differences were observed in 
blood measurements of health status, no visible health abnormalities were observed in sheep 
offered silages baled at different moisture concentrations following varied dairy manure 
application strategies.  Therefore, producers may feed alfalfa silage that was fertilized with dairy 
slurry without seeing any adverse effects on intake, digestibility, or animal health.  
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Table 2.1 Chemical and ensiling properties of alfalfa silage baled at different moisture concentrations and fertilized with dairy slurry 
at different times that was offered to gestating ewes to measure voluntary intake and digestibility. 
 Moisture concentration
a 
Dairy slurry application
b 
Item
c 
LM
 
HM
 
SEM
d 
P-value
 
NS
 
S0
 
S14
 
SEM
d
 P-value 
DM, g/kg 660.7 615.1 44.20 0.50 692.8 636.0 584.9 54.14 0.43 
OM, g/kg 909.1 911.1 4.55 0.77 917.3 908.1 904.9 5.58 0.34 
NDF, g/kg 441.2 441.6 9.63 0.08 429.4 425.2 424.6 11.79 0.27 
NH3 –CPE, % 169.0 213.3 1.15 0.63 121.9 193.7 257.9 1.15 0.50 
pH 5.4 6.0 0.23 0.14 5.5 5.7 5.8 0.28 0.67 
SA, % 0.8 0.5 0.16 0.24 0.5 0.7 0.7 0.19 0.75 
Acetic, % 0.9 0.5 0.23 0.23 0.5 0.7 0.8 0.28 0.68 
CP, % 18.5 19.0 0.76 0.39 18.7 18.9 18.5 0.76 0.83 
a 
LM = low moisture (39.7%); HM = high moisture (46.8%). 
b 
NS = no slurry application; S0 = slurry application immediately after previous cutting; S14 = slurry application 14 d after previous 
cutting. 
c 
NH3CPE = ammonia crude protein equivalent (percent of nitrogen in ammonia compared to percent of nitrogen in protein); SA = 
silage acidity; Acetic = acetic acid concentration (%).
 
d 
SEM = pooled standard error of the mean.
 
There were no moisture × slurry interactions (P ≥ 0.22). 
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Table 2.2 Intake and digestibility by gestating ewes offered alfalfa silage baled at different 
moisture concentrations and averaged across different dairy slurry application treatments. 
 Treatments
a 
  
Item
b 
LM HM SEM
c 
P-value 
DMI, g/d 1664 1651 44.2 0.86 
OMI, g/d 1510 1502 40.3 0.90 
DMI, g/kg BW 34.2 33.7 1.02 0.76 
OMI, g/kg BW 56.3 55.6 1.71 0.80 
DMD, % 65.6 64.0 0.56 0.08 
OMD, % 64.8 63.0 0.59 0.09 
NDFD, % 54.5 50.3 1.62 0.13 
DDMI, g/d 2565 2596 70.8 0.79 
DOMI, g/d 2347
 
2383
 
59.8 0.72 
DDMI, g/kg BW 22.4
 
21.5
 
0.70 0.44 
DOMI, g/kg BW 36.4 35.1 1.23 0.52 
a 
LM = low moisture (39.7%); HM = high moisture (46.8%). 
b 
DMI = dry matter intake; OMI = organic matter intake; DMD = dry matter digestibility; OMD = 
organic matter digestibility; NDFD = neutral detergent fiber digestibility; DDMI = digestible dry 
matter intake; DOMI = digestible organic matter intake. 
c 
SEM = pooled standard error of the mean. 
There were no moisture × slurry interactions (P ≥ 0.11). 
  
 31 
 
Table 2.3 Complete blood count and blood urea nitrogen concentrations in gestating ewes 
offered alfalfa silages baled at different moisture concentrations and averaged across different 
dairy slurry application treatments. 
 Treatments
a 
  
Item
b 
LM HM SEM
c 
P-value 
WBC, K/µL 6.17 6.81 0.291 0.19 
NEU, K/µL 2.13 2.76 0.319 0.24 
NEU, % 34.17 38.01 2.311 0.32 
NEU:LYM 0.98 1.45 0.244 0.25 
LYM, K/µL 2.46 2.11 0.179 0.24 
LYM, % 39.71
 
32.16
 
1.544 0.01 
MONO, K/µL 0.78
 
1.06
 
0.074 0.03 
MONO, % 12.62
 
16.38
 
1.199 0.07 
EOS, K/µL 0.67 0.69 0.108 0.90 
EOS, % 11.20 10.41 1.509 0.75 
BASO, K/µL 0.13 0.20 0.028 0.16 
BASO, % 2.26 3.06 0.442 0.28 
RBC, M/µL 10.80 10.72 0.127 0.71 
HGB, g/dL 11.67 11.29 0.229 0.31 
HCT, % 35.75 35.40 0.400 0.58 
MCV, fL 33.15 33.13 0.115 0.88 
MCH, pg 10.82 10.55 0.144 0.26 
MCHC, g/dL 32.60 31.91 0.447 0.35 
PLT, K/µL 455.30 535.61 150.900 0.74 
BUN
d
, mg/dL 25.74 24.12 1.557 0.17 
a 
LM = low moisture at baling (39.7%); HM = high moisture at baling (46.8%). 
b 
WBC = white blood cells; NEU = neutrophils; NEU:LYM = neutrophil to lymphocyte ratio; 
LYM = lymphocytes; MONO = monocytes; EOS = eosinophils; BASO = basophils; RBC = red 
blood cells; HGB = hemoglobin;  HCT = hematocrits; MCV = mean corpuscular volume; MCH 
= mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; PLT = 
platelets; BUN = blood urea nitrogen. 
c 
SEM = pooled standard error of the mean. 
d
 BUNs are averaged across collection times as there were no two- and three-way interactions of 
treatments with time (P ≥ 0.17). 
There were no moisture × slurry interactions (P ≥ 0.13). 
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Table 2.4 Intake and digestibility by gestating ewes offered alfalfa silage with different slurry 
application treatments and averaged across different moisture concentrations at baling. 
 Treatments
a
   
Item
b 
NS S0 S14 SEM
c 
P-value 
DMI, g/d 1737 1641 1593 65.6 0.38 
OMI, g/d 1594 1488 1437 59.9 0.26 
DMI, g/kg BW 36.1 33.4 32.3 1.51 0.28 
OMI, g/kg BW 33.1 3.3 19.1 1.40 0.20 
DMD, % 65.6 63.9 64.9 0.82 0.36 
OMD, % 65.1 62.9 63.6 0.88 0.22 
NDFD, % 54.4 50.9 52.0 2.41 0.57 
DDMI, g/d 2668 2585 2489 105.2 0.59 
DOMI, g/d 2456 2370 2270 88.9 0.46 
DDMI, g/kg BW 23.6 21.3 20.8 1.04 0.21 
DOMI, g/kg BW 39.1 34.6 33.6 1.83 0.14 
a 
NS = no slurry application; S0 = slurry application immediately after first cutting;               
S14 = slurry application 14 d after first cutting. 
b 
DMI = dry matter intake; OMI = organic matter intake; DMD = dry matter digestibility; OMD 
= organic matter digestibility; NDFD = neutral detergent fiber digestibility; DDMI = digestible 
dry matter intake; DOMI = digestible organic matter intake. 
c 
SEM = pooled standard error of the mean. 
There were no moisture × slurry interactions (P ≥ 0.11). 
 
  
 33 
 
Table 2.5 Complete blood count and blood urea nitrogen concentrations by gestating ewes offered 
alfalfa silage with different dairy slurry application treatments across different moisture 
concentrations at baling. 
 Treatments
a
   
Item
b 
NS S0 S14 SEM
c 
P-value 
WBC, K/µL 5.69
x 
7.25
w 
6.53
x 
0.432 0.07 
NEU, K/µL 1.67 2.72 2.94 0.474 0.19 
NEU, % 32.43 36.77 39.07 3.434 0.47 
NEU:LYM 0.58 1.33 1.73 0.362 0.15 
LYM, K/µL 2.51 2.44 1.90 0.266 0.37 
LYM, % 41.46
y 
33.48
z 
32.87
z 
2.294 0.04 
MONO, K/µL 0.83
z 
1.20
y 
0.74
z 
0.109 0.04 
MONO, % 14.22 16.54 12.74 1.781 0.44 
EOS, K/µL 0.54 0.67 0.82 0.161 0.58 
EOS, % 9.47 10.06 12.89 2.242 0.65 
BASO, K/µL 0.14 0.23 0.13 0.041 0.29 
BASO, % 2.39 3.15 2.44 0.657 0.69 
RBC, M/µL 10.34
z 
10.55
z 
11.38
y 
0.188 0.02 
HGB, g/dL 10.98
x 
11.19
x 
12.27
w 
0.340 0.10 
HCT, % 34.76
z 
34.77
z 
37.20
y 
0.594 0.06 
MCV, fL 33.62
y 
32.98
z 
32.81
z 
0.170 0.02 
MCH, pg 10.65 10.60 10.80 0.214 0.87 
MCHC, g/dL 31.68 32.19 32.90 0.664 0.55 
PLT, K/µL 239.27 444.92 802.18 223.750 0.34 
BUN
d
, mg/dL 25.98 23.33 25.49 1.695 0.19 
a
 NS = no slurry application; S0 = slurry application immediately after first cutting; S14 = slurry 
application 14 d after first cutting. 
b 
WBC = white blood cells; NEU = neutrophils; NEU:LYM = neutrophil to lymphocyte ratio; 
LYM = lymphocytes; MONO = monocytes;  EOS = eosinophils; BASO = basophils; RBC = red 
blood cells; HGB = hemoglobin; HCT = hematocrits; MCV = mean corpuscular volume; MCH = 
mean corpuscular hemoglobin; MCHC = mean corpuscular hemoglobin concentration; PLT = 
platelets; BUN = blood urea nitrogen. 
c 
SEM = pooled standard error of the mean.
 
 
d
 BUNs are averaged across collection times as there were no two- and three-way interactions of 
treatments with time (P ≥ 0.17). 
w-x 
Means within a row without a common superscript tend to differ (P < 0.10). 
y-z
 Means within a row without a common superscript differ (P < 0.05).
 
There were no moisture × slurry interactions (P ≥ 0.13). 
  
 34 
 
Chapter 3 
Effects of Forage Species and Poultry Litter Application Timing on Forage Preference by 
Horses 
Abstract 
Bermudagrass and teff are both popular forages in the horse industry.  However, it is unclear if 
the application of poultry litter as a fertilizer affects palatability of these forages in horses.  The 
objective of this study was to determine if forage species or timing of litter application as a 
fertilizer has an effect on preference by horses.  Hay treatments were arranged in a 2 × 3 factorial 
treatment arrangement consisting of teff (T) and bermudagrass (B) harvested after no litter 
application (NL), litter applied to stubble immediately after removal of the previous cutting (L0), 
or litter applied 14-d after the previous cutting (L14).  Mature, stock-type geldings (n = 5; 480 ± 
52.9 kg) were used in a preference study arranged as a balanced incomplete block design.  
Geldings were offered different combinations of 4 forages daily for 3-d in each of 3 evaluation 
periods that immediately followed a 10-d adaptation period.  Each forage was offered at half of 
the total daily DM intake as measured during the last 5-d of the 10-d adaptation period to 
encourage selection among the 4 forages.  Each hay offered was allocated randomly to a corner 
and suspended in hay nets over muck buckets in the corners of each stall.  Geldings were housed 
individually in 3.6 × 3.6-m indoor stalls with sand bedding and access to 3.6 × 7.6-m outdoor 
runs.  Along with hay, geldings were offered oats twice daily at 0.125% BW at each feeding.  
Dry matter intake was greater (P < 0.01) for B than T and for NL and L0 treatments compared 
with L14 treatments (P < 0.01).  Horses spent more (P < 0.01) time consuming B compared with 
T.  However, there were no differences (P ≥ 0.25) in time spent consuming across litter 
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treatments.  Therefore, horses may prefer B to T and later application of poultry litter may affect 
voluntary intake by horses. 
 
Introduction 
 Voluntary intake is the most important aspect of nutrition according to Changwony et al. 
(2015).  Two factors that affect voluntary intake are forage species and palatability (Macedo et 
al., 2012).  Bermudagrass (Cynodon dactylon) is a warm-season perennial originating in 
Southeastern Africa (Ball et al., 2007).  LaCasha et al. (1999) reported that yearling foals 
consume less bermudagrass hay than matua bromegrass (Bromus wildenowii) and alfalfa 
(Medicago sativa).  Teff (Eragrostis tef), traditionally used for grain in Ethiopia, has been 
gaining popularity as a forage for horses in the United States (Norberg et al., 1996).  Mature 
geldings showed a preference for teff over bermudagrass hay when both were at the late-
vegetative growth-stage, but species differentiation diminished with more mature teff and 
bermudagrass (Cummins et al., 2014).  Poultry litter is a preferred fertilizer by producers because 
it is often more economical than commercial fertilizers (Evers, 1998).  Heifers, ewe lambs, and 
doe kids readily consume composted poultry litter as a supplement (Belewul and Adeneye, 1996; 
Hadjipanayiotou, 1993), but it is unclear if the use of poultry litter as a fertilizer has an effect on 
intake in horses.  Therefore, the objective of this study was to determine if forage species or 
timing of litter application as a fertilizer has an effect on preference by horses. 
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Materials and Methods 
Hay production 
Late maturity bermudagrass (B) and teff (T) forage were removed as hay from plots 
located at the University of Arkansas North Farm on October 9, 2014.  The plots were assigned 
randomly within block and forage to 1 of 3 fertility treatments consisting of poultry litter 
application at a rate of 3,359.9 kg/ha on either August 26 (L0) or September 10, 2014 (L14).  
Plots not fertilized with poultry litter (NL) received 17-17-17 (N-P-K) commercial fertilizer at a 
rate of 257 kg/ha on August 27, 2014.  Hay was mowed on October 6, 2014 and received 0.25 
cm of rain on October 8, 2014.  Hay was square baled on October 9, 2014 after reaching less 
than 20% moisture, and was stacked loosely and stored in a metal barn until feeding.  Fans were 
used to circulate air around the hay to avoid mold. 
Animals and design 
 All management and procedures were approved by the Institutional Animal Care and Use 
Committee at the University of Arkansas (Protocol # 15028).  This study took place at the 
University of Arkansas North Farm at the D. E. King Equine Pavilion in Washington County, 
Fayetteville, AR in May of 2015.  Mature geldings (n = 5; 480.3 ± 52.89 kg) were dewormed 
using Ivermectin (Bimeda Inc., Oakbrook Terrace, IL) 15-d prior to the beginning of the study 
and were vaccinated with Fluvac Innovator 6 (equine influenza, eastern, western, and 
Venezuelan encephalomyelitis, rhinopneumonitis vaccine, and tetanus toxoid; Pfizer Inc., New 
York, NY) and rabies vaccine (Pfizer Inc., New York, NY) 3-mo prior to the study.  Teeth were 
floated at 5-7-mo prior to the study.   
Geldings were housed individually in 3.6 × 3.6-m indoor stalls with individual fans and 
sand bedding, and had access to 3.6 × 7.6-m outdoor runs throughout the entire study.  To 
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eliminate stall biases, horses were allocated to a different stall each day using 5 × 5 Latin square 
design patterns (Cochran and Cox, 1957).  Geldings had ad libitum access to water and  
commercial horse mineral
2
 (Free Balance 12:12 Vitamin and Mineral Supplement, Purina, LLC, 
St. Charles, MO) in block form.  Geldings were turned out together for exercise into an outdoor 
sand arena every morning from 0700 to 0930 h and again from 1700 to 1800 h.  During morning 
turnout, stalls and water tanks were cleaned and oats were offered at total of 0.25% of BW in 
equal feedings after each exercise period.  To monitor for signs of unsoundness, hooves were 
picked every morning, after the geldings were brought back in.   
Geldings were offered hay from the B-NL and T-NL treatments for a 10-d period of 
adaptation to the forages and daily routine, and for intake measurement.  Following this period, 
geldings were offered different combinations of 4 of the 6 forages for 3-d for each of the 3 
preference periods in a balanced incomplete block design.  Each forage was offered at 50% of 
the average voluntary DM intake as measured during the last 5-d of the 10-d adaptation period 
for each individual horse.  This was designed to prevent horses from consuming only one forage, 
and to persuade them to choose among the other three forages.  Each 3-d preference period was 
assigned to one field block such that only the forage from a specific block was offered during 
that particular period. 
Forages were suspended in hay nets over muck buckets in each corner of each stall.  Each 
hay offered was allocated randomly to a corner.  Orts were collected and weighed every morning 
after geldings were turned out.  Fresh hay was then weighed and placed in assigned stalls and 
corners.  Samples were taken directly from each treatment each morning as hay was weighed.  
                                                 
2
 Free Balance 12:12 Vitamin and Mineral Supplement, Purina, LLC, St. Charles, MO.  The mineral contained 120-
140 g/kg Ca, 45-55 g/kg NaCl, 17.5-22.5 g/kg Na, and not less than 120 g/kg P, 1,740 ppm Cu, 35 ppm Se, 6,900 
ppm Zn, 9 ppm Co, 40 ppm I, 300 ppm Fe, 1.2 ppm Mg, 3,400 ppm Mn, 4 g/kg K, 1 g/kg S, 720 g/kg ash, and not 
less than 176,000, 17,600, and 3,080 IU/kg for Vitamins A, D, and E, respectively. 
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Cameras were set up over the stalls throughout the study.  One of the cameras, however, ceased 
operating before preference periods.  The data lost from one camera would not have been 
significant though because the horses were rotated through stalls each day.  Camera feed was 
used to record time spent at each hay net between the hours of 0930 and 2000 h.  Time 
percentages were calculated as the total amount of time horses spent consuming hay and do not 
reflect the amount of time horses were exhibiting other behaviors. 
Chemical analyses and analytical procedures 
 Hay and ort samples were dried to a constant weight at 50°C to determine DM content.  
Hay samples were composited by treatment and period and ground to pass through a 1 mm 
screen using a Wiley mill (Arthur H. Thomas, PA, USA).  Organic matter was determined via 
combustion in a muffle furnace 500°C (Method 942.05; AOAC, 2000).  Neutral detergent fiber 
and ADF were run sequentially using an ANKOM
200/220
 Fiber Analyzer (ANKOM Technology 
Corporation, Fairport, NY, USA; Vogel et al., 1999).  Nitrogen was measured using the Dumas 
total combustion method (Elementar Americas, Mt. Laural, NJ, USA; Method 990.3; AOAC, 
2000).  Water soluble carbohydrates (WSC) were determined by a colorimetric method by 
Dubois et al. (1956).   
Statistical analyses 
 All data were analyzed using PROC MIXED procedures of SAS (SAS Inst., Inc., Cary, 
NC).  The experimental unit for preference data was individual gelding.  The random effect was 
period.  The random effect for forage properties was block.  Data were analyzed for interactions 
between forage species and poultry application treatments.  Treatment means are reported as 
least squares means and individual treatment comparisons were made using an F-protected t-test.  
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The relationships among hay properties, intake, and time data were assessed using the CORR 
procedure of SAS (SAS Inst., Inc., Cary, NC).   
 
Results 
Forage chemical composition 
 Forage chemical composition data are presented in Table 3.1.  Teff had greater (P < 0.05) 
concentrations of N, NDF, and ADF compared with B, but B had greater (P < 0.05) 
concentrations of WSC compared with T.  Ash concentrations were not different (P = 0.15) 
between forage species.  None of the forage chemical composition measurements used in this 
study differed in response to poultry litter treatments (P ≥ 0.11).   
Forage species 
 Forage species by litter treatment interactions did not affect (P ≥ 0.15) any of the 
preference measurements in this study.  Therefore, data are presented by main effects of forage 
species and litter treatment.  Forage species effects on intake and consumption time are reported 
in Table 3.2.  Dry matter intake (kg/d and g/kg BW) was greater (P < 0.05) for B compared with 
T.  Dry matter intake was also greater (P < 0.05) for B than for T when expressed as a percentage 
of DM offered from that particular forage and from the total daily DM intake.  Horses spent 
more (P < 0.05) total time and percent of their time throughout the day consuming B compared 
with T.  Horses also spent more (P < 0.05) time and percent of their time during the first 2 h of 
hay consumption consuming B over T. 
Poultry litter 
 Poultry litter effects on intake and consumption time are reported in Table 3.3.  Daily 
DMI (kg/d) was greater (P < 0.05) for NL and L0 treatments compared with L14 treatments.  
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Horses tended (P = 0.05) to consume more DM per unit BW of NL and L0 than L14.  Percent 
consumed of total DM offered and total daily DMI was greater (P < 0.05) for NL and L0 
treatments than L14 treatments.  Consumption time results did not follow the same pattern as 
intake results.  Time spent at each hay net (min and % of total time) did not differ (P ≥ 0.25) 
across litter treatments.  Furthermore, time spent at each litter treatment within the first 2 h of 
hay consumption (min and % of time within the first 2 h) did not differ (P = 0.93) across litter 
treatments. 
Correlations 
 Correlations between forage preference measurements and hay property components are 
reported in Table 3.4.  Nitrogen concentration was negatively correlated (≤ -0.71; P < 0.05) with 
all intake measurements, with the amount of time spent eating a particular forage through the d, 
and within the first 2 h consuming hay (≤ -0.56; P < 0.05).  Water soluble carbohydrate 
concentration was positively correlated (≥ 0.49; P < 0.05) with each of these measurements.  
Neutral detergent fiber (≤ -0.46; P < 0.05), ADF (≤ -0.65; P < 0.05) and ash (≤ -0.21; P < 0.05) 
concentrations were negatively correlated with each of the DMI and consumption time 
measurements. 
 
Discussion 
Forage species 
The DMI intake data is somewhat different from that reported by Cummins et al. (2014) 
who found that horses preferred T hay compared with B hay when both forages were at the late-
vegetative growth stage.  No other studies reported a direct comparison of voluntary intake 
between B and T.  However, LaCasha et al. (1999) reported that when horses were given the 
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choice between alfalfa, bromegrass, and bermudagrass hay, they selected alfalfa over the two 
grasses and preferred bromegrass to bermudagrass.  McCown et al. (2012) found that horses 
preferred timothy and alfalfa over T.  If not given the choice between B and T hay, they may 
consume as much T as B.  Horses may also consume more T that is at boot or early-heading 
compared to when it is cut and baled at late-heading (Cummins et al., 2014; Stanair et al., 2010).  
Therefore, horses may have consumed more hay in the current study, if forages had been baled at 
earlier maturities.  This was not possible due to the amount of rain that fell during late September 
and early October, 2014.  The average rainfall measurements for September and October, 2014 
in Fayetteville, AR were 11.61 and 10.39 cm, respectively. 
Poultry litter 
 Belewul and Adeneye (1996) found that when adding composted poultry litter to a 
supplement, concentration did not have an effect on intake by 16 yearling heifers.  Growing 
heifers, ewe lambs, and doe kids were offered and willingly consumed a mixture of poultry litter 
with citrus pulp as a silage (Belewul and Adeneye, 1996; Hadjipanayiotou, 1993).  However, no 
studies were found measuring voluntary intake when poultry litter was used as a fertilizer.  
Results in this study could have been affected by rainfall amounts that may have diluted poultry 
litter that was applied to L0 treatments.  However, L14 may not have received enough rainfall to 
have the same effect.  The average rainfall measurements for September and October, 2014 in 
Fayetteville, AR were 11.61 and 10.39 cm, respectively. 
 
Conclusion 
 In this study, bermudagrass was generally a better quality forage than teff.  It appears, 
however, that litter treatment may not have an effect on forage chemical composition.  Forage 
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preference was affected by forage species and poultry litter application.  Horses preferred 
bermudagrass to teff treatments.  Horses also preferred hay with no poultry litter application and 
poultry litter applied immediately after the removal of first cutting compared with hay that was 
fertilized with poultry litter 14 d after removal of the first cutting.  Therefore, horse owners may 
find that horses will increase intake when offered bermudagrass compared with teff and hay 
producers may be able to use poultry litter as a fertilizer if applied 6 wk prior to harvest or 
immediately after first cutting.  
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Table 3.1 Chemical composition of hay offered to horses to determine hay preference
a
. 
 Forage
b 
Poultry Litter Application
c 
Item
d 
B
 
T
 
SEM
e 
P-value
 
NL
 
L0
 
L14
 
SEM
e
 P-value 
N, g/kg DM 21.4 26.1 0.52 <0.01 23.3 24.2 23.8 0.59 0.38 
WSC, g/kg DM 14.3 10.4 0.73 <0.01 12.4 11.7 12.9 0.89 0.68 
NDF, g/kg DM 694.0 715.2 5.30 0.02 713.3 692.9 707.6 6.45 0.11 
ADF, g/kg DM 327.6 370.9 3.86 <0.01 350.0 344.4 353.4 4.21 0.14 
ASH, g/kg DM 77.8 82.4 3.38 0.15 78.4 81.6 80.3 3.68 0.68 
a 
There were no forage × litter interactions (P ≥ 0.07). 
b 
B = bermudagrass; T = teff.
 
c 
NL = commercial fertilizer; L0 = litter application immediately after first cutting; L14 = litter application 14 d after first cutting. 
d 
N = nitrogen concentration; WSC = water soluble carbohydrate concentration; NDF = neutral detergent fiber concentration; ADF = 
acid detergent fiber concentration.
 
e 
SEM = pooled standard error of the mean.
 
 
4
5
 
 46 
 
Table 3.2 Dry matter intake and time spent eating by horses offered bermudagrass or teff 
hay averaged across different poultry litter application treatments
a
. 
 Treatments
b 
  
Item
c 
B T SEM
d 
P-value 
DMI     
kg/d 4.27 1.26 0.136 <0.01 
g/kg BW 9.03 2.67 0.405 <0.01 
% DM offered 89.12 26.70 2.124 <0.01 
% of DMI 38.20 11.80 1.139 <0.01 
Time spent at each hay     
Total minutes 165.17 31.29 8.164 <0.01 
% of total time eating 43.60 8.54 26.071 <0.01 
min in first 2 h 52.33 3.61 8.539 <0.01 
% of min in first 2 h 49.25 3.33 3.570 <0.01 
a 
There were no forage × litter interactions (P ≥ 0.15). 
b 
B = bermudagrass; T = teff. 
c 
DMI = dry matter intake. 
d 
SEM = pooled standard error of the mean.
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Table 3.3 Intake and consumption time by horses offered hays with different poultry 
litter application treatments averaged across bermudagrass and teff hays
a
. 
 Treatments
b
   
Item
c 
NL L0 L14 SEM
d 
P-value 
DMI      
kg/d 2.93
y 
2.92
y 
2.43
z 
0.153 0.01 
g/kg BW 6.23
w 
6.05
w 
5.28
x 
0.438 0.05 
% DM offered 61.45
x 
61.27
x 
51.01
y 
1.322 <0.01 
% of DMI 26.61
x 
26.27
x 
22.12
y 
0.026 0.01 
Time spent at each hay      
Total minutes 102.82 103.99 87.88 9.284 0.25 
% of total time eating 27.20 27.47 23.55 2.358 0.30 
min in first 2 h 28.28 26.80 28.83 4.852 0.93 
% of min in first 2 h 27.30 25.36 26.21 4.124 0.93 
a 
There were no forage × litter interactions (P ≥ 0.15). 
b 
NL = commercial fertilizer; L0 = litter application immediately after first cutting; L14 = 
litter application 14 d after first cutting. 
c 
DMI = dry matter intake. 
d 
SEM = pooled standard error of the mean. 
w-x 
Means within a row without a common superscript tend to differ (P < 0.10).
 
y-z
 Means within a row without a common superscript differ (P < 0.05).
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Table 3.4 Pearson correlation coefficients among various intake and time spent eating 
measurements compared with hay chemical components. 
 Forage Chemical Components
a
 
Item
b 
N, g/kg 
DM 
WSC, g/kg 
DM 
NDF, g/kg 
DM 
ADF, g/kg 
DM 
ASH, g/kg 
DM 
DMI      
kg/d -0.75
 
<0.01 
0.61 
<0.01 
-0.54 
<0.01 
-0.81 
<0.01 
-0.34 
<0.01 
g/kg BW -0.71 
<0.01 
0.59 
<0.01 
-0.52 
<0.01 
-0.77 
<0.01 
-0.33 
<0.01 
% DM offered -0.73 
<0.01 
0.59 
<0.01 
-0.55 
<0.01 
-0.81 
<0.01 
-0.33 
<0.01 
% of DMI -0.75 
<0.01 
0.61 
<0.01 
-0.55 
<0.01 
-0.82 
<0.01 
-0.34 
<0.01 
Time spent at each hay      
Total minutes -0.63 
<0.01 
0.55 
<0.01 
-0.53 
<0.01 
-0.79 
<0.01 
-0.28 
<0.01 
% of total time eating -0.64 
<0.01 
0.53 
<0.01 
-0.53 
<0.01 
-0.79 
<0.01 
-0.29 
<0.01 
min in first 2 h -0.56 
<0.01 
0.50 
<0.01 
-0.46 
<0.01 
-0.65 
<0.01 
-0.21 
0.01 
% of min in first 2 h -0.59 
<0.01 
0.49 
<0.01 
-0.47 
<0.01 
-0.67 
<0.01 
-0.21 
0.01 
a 
N = nitrogen concentration; WSC = water soluble carbohydrate concentration; NDF = 
neutral detergent fiber concentration; ADF = acid detergent fiber concentration. 
b 
DMI = dry matter intake. 
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Conclusion 
 It was determined that while low moisture silage tended to be more digestible than high 
moisture treatments, there was no effect on intake in sheep.  Likewise, dairy slurry application 
had no effect on intake or digestibility of alfalfa silage.  Therefore, producers may feed alfalfa 
silage that was fertilized with dairy slurry without seeing any effect on intake or digestibility.  
Dairy slurry may also be more economical compared to commercial fertilizers, which would 
decrease farm costs without the risk of affecting the feed value of the forage crop to which dairy 
slurry is applied. 
Bermudagrass was generally a higher quality forage than teff in this study.  It appears, 
however, that litter treatment may not have an effect on forage quality.  Dry matter intake in 
horses was affected by forage species and poultry litter application.  Horses preferred 
bermudagrass to teff treatments.  Horses also preferred hay with no poultry litter application and 
poultry litter applied immediately after the removal of first cutting compared with hay that was 
fertilized with poultry litter 14 days after removal of the first cutting.  Therefore, horse owners 
may find that horses will increase intake when offered bermudagrass compared with teff and 
may use poultry litter as a fertilizer if applied 6 weeks prior to harvest or immediately after first 
cutting.  Alternative fertilizers, such as dairy slurry and poultry litter, may be used on forages 
without any effect on voluntary intake by sheep and horses, as long as it is applied to stubble 
immediately after removal of the first cutting. 
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